The design of the new cylindrical drift chamber for the Mark II detector at the SLAC Linear Collider is described. Prototype tests to determine the working parameters of the chamber and to study possible gas mixtures are discussed. 
Introduction
The first detector to study ZO physics at the SLAC Linear Collider (SLC)1 will be an upgrade2 of the Mark II detector3 which has run successfully at both the SPEAR and PEP e+e-storage rings at SLAC. With the existing Mark II drift chamber, precision for high momentum tracks is limited by the relatively small number of layers. Pattern recognition capability is limited by the inability to record more than one hit per sense wire. Consequently, a new cylindrical drift chamber is being constructed for SLC. It will provide good momentum resolution with the Mark II 5 kG magnet, good solid angle coverage, and multi-hit capability for ease of pattern recognition and high tracking efficiency. In addition, the new drift chamber will measure charged particle energy loss due to ionization (dE/dx) as an independent aid to calorimetry in electron-hadron separation for particle momenta less than about 10 GeV/c. The design and construction of the new chamber and prototype tests will be discussed.
Design and Construction 2.1 CELL DESIGN
The design of the new drift chamber is based on a cell containing six sense wires staggered +380 um from the cell axis to provide local left-tight ambiguity resolution. Figure 1 shows the basic dimensions of the cell. The 30 1tm diameter sense wires are spaced 8.33 mm apart. There are two guard wires at each end of the cell for shaping the electric field and equalizing the gain of all the sense wires. Potential wires are placed between the sense wires to reduce crosstalk between sense wires, to reduce electrostatic defiection of the sense wires, and to allow control of the gain of -the sense wires and the electric field in the cell independently. There are nineteen field wires in each cell. The average cell half-width is 3.3 cm.
The cell just described has a very uniform electric drift field across the cell resulting in uniforn dE/dx sampling regions and a simple time-distance relation. This uniformity can be seen in Figure 2 which shows the drift trajectories of electrons. 3. Prototype and Gas Studies Two prototypes were built to study the characteristics of the cell design and to study possible gas mixtures to be used in the new drift chamber. In particular, we studied gases composed of argon, methane and CO2 in various proportions. The primary motivation for studying these gases was to search for a gas with a low electron drift velocity as well as good position, double track and dE/dx resolution and stability against breakdown. A mixture of 50% argon -50% ethane was also studied.
The advantages of a gas with low electron drift velocity fall into three categories as listed below. (b) Effects of rise time, time slewing and time walk are reduced in proportion to the drift velocity. (c) Slower, more reliable clock speeds can be used in the TDC system and differential non-linearities in the TDC system are less significant for a low drift velocity. 2. The Lorents angle (the angle between the electric field lines and the electron drift trajectories) depends linearly on the electron drift velocity. 3. The gases with low electron drift velocity which we tested tended to be saturated with the slope of the drift velocity versus electric field being negative. This is advantageous for the following reason. The electrons with the longest drift trajectory are those which pass closest to the potential wires. The electric field is lower in this region. An increasing drift velocity with decreasing electric field will partially compensate for the longer drift path. This provides a focusing effect which makes the pulse narrower. Figure 3 shows the electron drift velocity as a function of drift field for four of the gases considered. These curves are the results of measurements made using a small drift chamber constructed for this purpose. 10% C02, 1% methane, 89% argon which will be referred to as HRS gas4 and has an electron drift velocity of about 50 pm/ns at the drift field in most of the cell; 4- Figure 4 shows the measured position resolution as a function of z for the four representative gases. The resolution corresponding to the fit to these data is also shown. D, Ob and (a) are shown in * Large diffusion coefficients res'ult in broader pulses. The temporal width of the pulse at the TDC discriminator threshold was measured. For each gas, the mean time over threshold was multiplied by the drift velocity to determine the spatial separation needed to resolve two tracks. Figure 6 shows the spatial pulse width as a function of electron drift velocity for the four gases. The resolutioni for 50% argon -50% ethane is about 75% that of HRS gas. The 4% methane, 3% CO2 mixture and the 4.0% methane, 0.4% CO2 mixture have good focusing properties (increasing drift velocity with decreasing electric field) and thus have small pulse widths. This is the dominant effect. The pulse width is also correlated with the drift velocity (because of the l/t tail) and the magnitude of the diffusion coefficient but these effects are not as significant.
ELECTRON DRIFT VELOCITY
Note that these measurements represent the pulse width at the TDC threshold. With a sampling dE/dx system, the minimum separable distance between double tracks could be reduced by nearly a factor of two.7
GAIN
The gain of the chamber depends on both the charge per unit length on the sense wire and the amount of argon in the gas. The relative gains of different gas/high-voltage configurations were measured. Figure 7 shows the charge on the sense wire which yields a mean pulse height of 3 mV at the preamp input for five gases. The position resolution measurements shown in Since the gas with the lowest drift velocity (4% methane, 0.4% CO2) contains more argon than any other gas tested, it does not need as much charge on the sense wires to produce the same gain as the other gases. The argon-ethane mixture, which contains only 50% argon, requires 16% more charge on the sense wire to produce the same gain as HRS gas. Consequently, the voltage on the field and potential wires must be higher. 
GAS STABILITY
All gases being considered were tested for stability against breakdown.
Stability tests for HRS gas were done with a single wire strung in a 3/4 inch diameter tube. The diameter of the wire was varied and the tube was operated with the wire acting either as an anode or a cathode. The electric field on the surface of the wire when breakdown of the gas occurred is shown in Table 2 for different wire diameters. Note that the gas around a sense wire generally breaks down at a higher voltage than around a field wire of the same diameter. The wire diameters and maximum surface fields for the new Mark II drift chamber are 30 um and -187 kV/cm for the sense wires, 100 pm and -76 kV/cm for the guard wires, 178 pm and 21 kV/cm for the field wires, and 304 Am and 20 kV/cm for the end field wires.
However, the charges on the wire at breakdown given in Table 2 cannot be used as limits for safe running in the final chamber since feedback between sense and field wires with gain results in a lower breakdown threshold. In order to study this feedback effect, a small chamber with a replaceable sense wire and four 175 pm field wires was constructed. Negative voltage was applied to the field wires and the sense wire was connected to ground. The conducting chamber walls were connected to ground or negative voltage in order to control the charge on the sense and field wires independently.
The diameter of the sense wire was varied between 20 pm and 175 pm.
It was found that breakdown occurred in HRS gas when the total gain from sense and field wires8 is about 107. This effect is shown in Fig. 8 where the gain of the field wires is plotted against the gain of the sense wire at breakdown.
Needles of hydrocarbon polymers formed on the field wires when the amount of methane in the gas was greater than " 5% almost independent of the amount of CO2. The 50% argon -50% ethane mixture behaved very differently. The voltage could initially be raised quite high before current was drawn. But then the gas polymerized rapidly around the field wires and breakdown occurred at much lower voltages. 4. Conclusion The chamber is presently being strung at a rate of ; 3000 wires per week with completion of stringing expected in early December, 1984. The upgraded detector will be moved into the interaction region at PEP for checkout. The data taken at PEP will be used for final development of tracking programs and algorithms for dE/dx measurements before the move to SLC beginning in January, 1986. 
